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Abstract
To develop sustainable grazing management systems based on highly-productive dominant species, it
is critical to maintain pasture growth and prevent land degradation on meadow steppe. A field study
was performed to identify the impact of seasonal rest grazing on diet selection of sheep and pasture
composition in Bromus inermis improved meadow steppe from 2015 to 2017 in Hulunbuir, Inner
Mongolia, China. Three seasonal rest grazing strategies were conducted: R1 included a spring rest
from June 15 to July 15, R2 a summer rest from July 15 to August 15 and R3 an autumn rest from
August 15 to September 15. The control treatment was continuous grazing (CG) from June 15 to
September 15. At the same time, flexible stocking rates occurred in each treatment were based on
residual herbage mass benchmarks at each different season. The diet composition of grazing sheep
were determined using plant wax marker technique. From the results, stocking rates were similar
among grazing treatments. In each season, diet composition was not affected (P > 0.05) by grazing
treatments but it changed markedly during the grazing season and was related to the dry weight
proportion in summer and autumn. Due to seasonal variation in diet composition, rest grazing in
spring and summer protected Bromus inermis and Leymus chinensis from overgrazing. Meanwhile,
rest grazing in autumn promoted the regrowth of B. inermis. Therefore, compared with CG, R1 and R3
significantly increased (P < 0.01) the herbage mass of B. inermis, while R2 significantly increased (P
< 0.01) the herbage mass of L. chinensis. This study confirmed the importance of the livestock-pasture
interrelationship in influencing the pasture composition, and seasonal rest grazing with flexible
stocking rates could be an effective tool to maintain a high level of desirable pasture composition.
Introduction
China has 400 million ha of grasslands. Due to drought and overgrazing, more than 90% of grassland
has been degraded to varying degrees, causing serious environmental, resource and economic
problems. Rehabilitation of grasslands is critical, achieved in part by the use of highly-productive
dominant species and optimizing sustainable grazing management systems. In theory, rest grazing is
considered to enable sufficient plant growth to maintain the population and vigour of the desirable
pasture components (O'Reagain and McMeniman, 2002). Due to different mechanisms of the species
used to survive in grazed pasture, seasonal rest periods and grazing animal defoliation have a direct
influence or indirect influence on pasture composition by altering the competition between species of
pasture. Many studies have focused on seed production or bud regeneration under seasonal rest
grazing (Kemp et al., 2000, Nie et al., 2015), but few reports had evaluated the dynamics of pasture
composition from the aspect of diet selection by sheep.
A knowledge of seasonal diet selection of sheep is relevant to improve the understanding of the
influences of seasonal rest grazing on grassland vegetation and, therefore, the design of appropriate
management schemes. Here, in three seasonal rest grazing treatments compared with continuous
grazing, we assessed the effect of seasonal rest grazing on pasture composition and diet selection of
sheep using plant wax marker technique.
Methods and study site
Study area. The experiment was conducted at the Hulunbuir Experiment Station of Grassland
Agro-ecosystems (49°28′N, 120°10′E, 628 m above sea level) in Inner Mongolia, China. The area has
a continental monsoon climate with an average precipitation of 430 mm/year, mostly occurring
between June and September. The mean temperatures during the experimental periods were 17.5 °C,
21.6 °C and 18.6 °C in June, July and August, respectively. The experimental pasture was an
improved meadow steppe with Bromus inermis that was reseeded into degraded Leymus chinensis
pasture in 1997. B. inermis and L. chinensis have been the dominant species since reseeding. Other

companion species were Potentilla bifurca and the sedge species Carex pediformis and Carex
duriuscula.
Experiment design and sheep management. Three rest grazing treatment were designed as: R1, spring
rest from June 15 to July 15; R2, summer rest from July 15 to August 15; R3, autumn rest from August
15 to September 15. The control treatment was continuously-grazed treatment (CG) from June 15 to
September 15. There were three blocks and each block consisted of 7 plots with 1 plot for CG, and 2
plots for R1, R2 and R3, respectively. The area of each plot was 1 hectare. At the beginning of grazing
season, about 200 non-pregnant and non-lactating female Mongolian sheep were selected from the
main flock on the basis of uniformity of live weight of 32±0.5kg and then allocated to the grazing
plots. Sheep were kept on the plots throughout each day and allowed to access water, salt and mineral
block freely. There was no supplementary feeding given during grazing. To ensure sustainable
utilization, the number of sheep in each plot was adjusted by the residual herbage mass method, in
which put-and-take stocking was applied to make the residual herbage mass consistent with the default
targets. The defaults, set in accordance to the seasonal dynamics of vegetation, were 1200 kg/ha
during the whole grazing season in 2015, changing in 2016 and 2017, respectively, into 1000 and 800
kg/ha on July 15, 800 and 600 kg/ha on August 15, and 600 and 500 kg/ha on September 15.
Grassland condition and diet composition of grazing sheep. Green herbage mass was determined in
the middle of each month from June to September in 2016 and 2017. Green plant material within a 1
m x 0.25 m quadrat was cut to ground level at 6 random locations across each plot, and these samples
were sorted into each species. After oven drying to constant weight, the pasture composition of B.
inermis, L. chinensis and other species was calculated.
Diet measurements. In each block, four plots including all grazing treatments were chosen randomly
for animal diet measurements. Six sheep in each plot were randomly selected to determine their diet
composition using a plant wax marker technique. During the first four days of July, August and
September, faecal samples were collected from the rectum of sheep each morning. Meanwhile, a direct
observation of feeding behaviour was conducted and B. inermis, L. chinensis, P. bifurca, C. pediformis
and C. duriuscula were observed to be main consumed species by sheep. Bite-like samples (individual
species) of these plants were clipped. After that, 12-day indoor feeding was conducted involving six
sheep that were fed fresh plants containing B. inermis, L. chinensis, P. bifurca and C. duriuscula to
estimate faecal recovery of n-alkane and long-chain alcohol. The detailed procedures of sampling
faecal and plant material collection were based on the report of Chen et al. (2015). Likewise, the
analysis of n-alkane and long-chain alcohol and the calculation of diet composition was based on the
procedures of Zhang et al. (2019).
Statistical analysis. Within each season, the effect of grazing treatment on diet composition was
assessed by one-way ANOVA. A linear mixed model was used to evaluate the effect of grazing on
herbage mass and pasture composition, in which grazing treatment, year and season were treated as
fixed model and block was treated as random model. In each season, simple linear regressions were
performed to explore the relationship between proportions of botanical components in sheep diet and
dry weight proportion of corresponding component in the sward. The procedures above were
performed on GenStat 19.0.
Results
Stocking rate. Stocking rates of each grazing treatment changed from 2015 to 2017 (Table 1). The
average stocking rates in 3 years were 6.90, 6.79, 6.53 and 6.06 sheep equivalent per ha in 90 days for
CG, R1, R2 and R3, respectively.
Table 1. Stocking rates (sheep equivalent/ha/90 days) of each treatment from 2015 to 2017
Grazing treatment
Year
CG
R1
R2
R3
2015
3.66±0.18
4.80±0.11
3.98±0.16
3.00±0.18
2016
7.51±0.10
7.23±0.13
6.14±0.09
6.48±0.10
2017
9.54±0.87
8.35±0.44
9.46±0.31
8.70±0.15
2015-2017
6.90±0.30
6.79±0.18
6.53±0.07
6.06±0.02
Note: “2015-2017” represented average stocking rate across 3 years within a treatment.
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Diet composition. In each season, diet composition of each forage species was not significantly (P >
0.05) influenced by grazing treatments (Figure 1). However, diet composition of sheep changed
markedly during the grazing season. In spring, the major dietary composition was B. inermis and
Carex; in summer, L. chinensis and B. inermis became the major dietary components; and in autumn,
L.chinensis accounted for the largest proportion in sheep diet.
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Figure 2. Herbage mass of Bromus inermis, Leymus chinensis and other
species in different grazing treatments on each sample date. Vertical bar
represents LSD0.05

Figure 1. Diet composition of sheep grazing
in different treatments in each season

Herbage mass and pasture composition. R1 and R3 predominately increased the herbage mass of B.
inermis with average herbage mass of 1.45 times higher than CG. R2 promoted growth of L. chinensis
with the herbage mass of twice as much as that in CG. As for other species, the herbage mass did not
differ between grazing treatments. As compared with CG, all rest grazing treatments decreased their
pasture composition of other species from 23% to 19%.
Relationships between dry weight proportion and diet composition. In spring, no significant
correlations (P > 0.05) were found between diet composition of forage species consumed by sheep and
dry weight proportion of individual plants. In summer and autumn, there were significant linear effects
and strong correlations were found (R2 = 0.44, P < 0.001 in spring and R2 = 0.71, P < 0.001 in
autumn).
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Figure 3. Linear regressions between diet composition of forage species consumed by sheep and its dry weight proportion in the
sward among all grazing treatments in spring (a), summer (b) and autumn (c). Asterisks next to the coefficient of determination
indicate p-values of each regression: (ns) > 0.05, (***) < 0.001

Discussion
As the environment of temperate steppe in northern China is characterized with a large inter-annual
and seasonal variation in precipitation and hence pasture growth, stocking rates in this study are varied
according to forage availability and residual herbage mass benchmark, which is of significance for
sustainability of grazing system (O'Reagain and McMeniman, 2002). In order to maintain pasture at a
vegetative state and promote its regrowth and nutritional quality, the residual herbage mass benchmark
we set decreased from 2015 to 2017 and hence the stocking rates increased accordingly. With similar
stocking rates among grazing treatments, the seasonal rest grazing should be the main source of the
observed variation in pasture composition.
At the beginning of grazing season, sheep were able to diversify their diet to have most preferred
species (Pain et al., 2015) and hence the diet selection of sheep might be predominantly influenced by
plant nutritive values in spring. While in summer and autumn, the strong correlation between pasture

composition and dry weight proportion was validated, which confirmed the sward structure and
availability played an important role in diet selection of sheep (Chen et al., 2015). In any case, diet
selection of free-grazing animal mainly depended on the pasture sward, influenced by sward
availability, forage nutrition and vegetation structure (Zhang et al., 2017). Therefore, the seasonal
dynamics of diet composition should be responsible for the seasonal variation in sward condition and
in turn affected pasture composition under this seasonal rest grazing system. For example, since sheep
consumed large proportions of B. inermis in spring, rest grazing in spring may provide the B. inermis
component with an opportunity for growth and reproductive activity, more so than on the continuous
grazing treatment and hence B. inermis increased its pasture composition. Sheep did not consume
large quantities of L. chinensis until summer and the grazing deferment of it under summer rest
grazing treatment was longer than that under other grazing treatments, which promoted the growth and
persistence of L. chinensis. Moreover, the increased herbage mass and dominance of B. inermis in R3
should be responsible for the high regrowth rate in autumn.
This study concluded that based on the knowledge of diet selection of sheep, pasture composition
could be regulated by grazing time. Seasonal rest grazing with flexible stocking rates regulation could
maintain a high level of desirable pasture composition and contribute to sustainable grazing
management.
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